Background: Bed sores are major burden to hospital care and usually associated with worse prognosis and longer hospital stay. Aims: To evaluate whether simple biochemical inflammatory and nutritional markers would differ between those with bedsores and those without in elderly stroke patients and if there is a distinction between recent bed sore stroke patients and old bed sore stroke patients as regard these biomarkers. Methods: 80 Stroke elderly patients were enrolled and divided into four groups: patients with recent stroke who developed bedsores, patients with recent stroke who did not develop bedsores, patients with old stroke who developed bedsores and patients with old stroke who did not develop bedsores. Nutritional markers (albumin, total protein, magnesium, iron, total iron binding capacity (TIBC), hemoglobin and cholesterol) and inflammatory markers (total leucocyte count, neutrophil to lymphocyte ratio and ferritin) were compared between the four groups. Results: Concerning nutritional markers, albumin (P =< 0.001), Alb/Pr ratio (P =< 0.001), TIBC (P =< 0.001) and cholesterol (P = 0.005) are lower in the acute stroke with bed sore patients versus acute stroke without bed sore. Lower albumin (P =< 0.001) is only found in comparison between chronic stroke with bed sore patients and chronic without bed sore patients. There is a difference between acute stroke with bed sore and chronic stroke with bed sore concerning albumin (P =< 0.001), TIBC (P =< 0.001) and TG (p =< 0.001). Albumin is lower while TG and TIBC are higher in those with acute stroke with bed sores. Regarding inflammatory markers, high neutrophil and ferritin (p =< 0.001) were found in acute stroke with bed sore patients versus acute stroke without bed sore. No difference was found between chronic stroke with bed sore patients and chronic stroke without bed sore patients. Acute stroke with bed sore group has higher TLC, neutrophil, neut/lymph ratio and ferritin (p =< 0.001) than chronic stroke with bed sore group. Conclusions: Acute stroke patients with bed sores are the highest group as regard inflammatory markers due to acute stroke and bed sores together. The presence of bed sore itself causes or is caused by decrease in nutritional markers especially albumin in both, acute * Corresponding author.
Introduction
A pressure ulcer, also known as a pressure sore, decubitus ulcer or bedsore, is defined as an area of localized damage to the skin and underlying tissue caused by pressure, shear, friction and or a combination of these [1] . Applied pressure affects cellular metabolism by decreasing or obliterating tissue circulation, resulting in insufficient blood flow to the skin and underlying tissues, causing tissue ischaemia. Elderly patients with decreased mobility, limited mental status and increased skin friction and shear may have a higher risk of developing a pressure ulcer [2] .
The prevalence of PU ranges from 6.6% to 46.6% for patients in hospitals or nursing homes, and more than 30% of PUs are full-thickness PUs [3] .
It is well recognized that pressure ulcers represent a significant cause of morbidity and indeed mortality in elderly patients. These are particularly likely to develop in patients who are malnourished or have inflammatory conditions. The prevention of pressure ulcers involves a number of strategies designed to address both extrinsic factors, e.g. reducing the pressure duration or magnitude at the skin surface by repositioning or using pressure relieving cushions or mattresses; and intrinsic factors e.g. the ability of the patient's skin to remain intact and resist pressure damage by optimising hydration, circulation and nutrition. There is some evidence that malnutrition is positively correlated with pressure ulcer incidence and severity [4] [5] . Decreased calorie intake, dehydration, and a drop in serum albumin may decrease the tolerance of skin and underlying tissue to pressure, friction and shearing force, increasing risk of skin breakdown and reducing wound healing [6] . Serum albumin is commonly used as a measure of the amount of protein in the blood for healing. The combination of low energy and low protein intake is often described as protein-calorie or protein-energy malnutrition. The Prinz (prevalence and incidence) study which collected data from more than 45,000 patients in Austria between 1995 and 1999, showed that malnutrition-defined as a serum albumin less than 3.5 g/dl-had been identified as a risk factor in 25% of patients [7] . A few studies suggest a correlation between protein-calorie malnutrition and pressure ulcers, too [8] [9] . The effectiveness of special diets in preventing and treating pressure ulcers has not yet been examined sufficiently, although many risk assessment tools [10] include nutritional status. Nevertheless, there is a consensus that nutrition is an important factor, evidenced by its incorporation in various guidelines, e.g. the EPUAP Pressure Ulcer Prevention Guidelines [1] [11] . Because undernutrition may influence clinical outcomes, it is important to assess nutritional status and treat undernutrition particularly during acute stage of stroke.
In a previous study, Scivoletto et al., 2004 analyzed spinal cord injury with pressure sores before and after surgical intervention for ulcer healing and compared with matched SCI patients without sores and with patients with pressure sores and other diseases They demonstrated that patients with pressure sores often showed the coexistence of anaemia (with increased ferritin values and reduced transferrin), serum protein alteration (hypoalbuminemia with inverse albumin/globulin ratio, increased level of globulins and total hypoproteinemia) and inflammatory status (high erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) and white cell counts) [12] . Some researchers suggested that these alterations might be due to a chronic inflammatory status produced by the pressure sores and might be similar to chronic inflammatory diseases (such as rheumatoid arthritis) and tumors [13] .
To our knowledge, the former study was the only one to study nutritional and inflammatory markers, however, in Spinal cord injury (SCI) patients. In addition, previous studies did not describe whether nutritional and inflammatory markers could be affected by the stroke duration. The advantage of comparing nutritional and inflammatory markers in acute versus old bed sore stroke remains unclear. Also we chose to use simple markers which was available every day and everywhere. Therefore, assessment of the risk of bed sores can be accessible.
The purpose of this study was to evaluate whether simple biochemical inflammatory and nutritional markers would differ between those with bedsores and those without in elderly stroke patients and if there was a distinction between recent bed sore stroke patients and old bed sore stroke patients as regard these biomarkers.
Methodology

Ethics
This study had the approval of the ethics committee of the Ain Shams Faculty of medicine. All subjects consented (orally or written) to participation in the study
Study Design
Case control study
Patient Selection
Eighty elderly patients were enrolled. Acute stroke from the in-patient ward, of the Geriatric department, AinShams University Hospital. Neoplastic pathologies, chronic inflammatory and infectious diseases, collagenopathies, pre-existing anaemias and osteomyelitis were ruled out. Patients who received blood transfusions before and/or after surgical intervention were excluded. They were divided into four groups:
Group I: Twenty stroke elderly patients who developed bedsore within two weeks of the stroke event (recent stroke with bedsores).
Group II: Twenty stroke elderly patients who did not develop bedsore within two weeks of the stroke event (recent stroke without bedsores).
Group III: Twenty stroke elderly patients who developed bedsore within six months of the stroke event (old stroke with bedsores).
Group IV:
Twenty stroke elderly patients who did not develop bedsore within six months of the stroke event (old stroke without bedsores).
Data Collection
At admission, each patient gave his or her informed consent and then Extensive demographic and clinical data were also collected at that time. Patients' baseline characteristics, including age, gender, and marital statuses were collected. Laboratory data included Nutritional markers (albumin, total protein, magnesium, iron, hemoglobin and cholesterol) and acute phase reactants (total leucocyte count, neutrophil to lymphocyte ratio and ferritin). As a visceral protein compartment, serum albumin level has been used for nutritional assessment and is known to be a good predictor of clinical outcome [14] . However, serum albumin level is of limited utility in detecting acute nutritional changes owing to its long half-life (18 days) as stated by Lipkin et al., 1993 [15] . We therefore also measured transferrin levels, which have shorter half-lives (8 days).
Assessment of Bedsore Risk
We used Braden scale to assess the risk of bed sores. The Braden Scale for Predicting Pressure Sore Risk was developed by Barbara Braden and Nancy Bergstrom. The Braden Scale for Predicting Pressure Sore Risk is a clinically validated tool that allows nurses and other health care providers to reliably score a patient's level of risk for developing pressure ulcers [16] . It measures functional capabilities of the patient that contribute to either higher intensity and duration of pressure or lower tissue tolerance for pressure. Lower levels of functioning indicate higher levels of risk for pressure ulcer development.
Description The Braden Scale is a summated rating scale made up of six subscales scored from 1 -4 (1 for low level of functioning and 4 for the highest level or no impairment). Total scores range from 6 -23 (one subscale is scored with values of 1 -3, only). The subscales measure functional capabilities of the patient that contribute to either higher intensity and duration of pressure, or lower tissue tolerance for pressure. A lower Braden Scale Score indicates lower levels of functioning and, therefore, higher levels of risk for pressure ulcer development.
At risk . Moderate risk . High risk (Braden score 10 -12). Very high risk (Braden score = 9).
Statistical Methods
The collected data were coded, tabulated, and statistically analyzed using IBM SPSS statistics (Statistical Package for Social Sciences) software version 22.0, IBM Corp., Chicago, USA, 2013. Descriptive statistics were done for quantitative data as mean ± SD (standard deviation) and minimum& maximum of the range for quantitative parametric data, while it was done for qualitative data as number and percentage. Inferential analyses were done for quantitative variables using independent t-test in cases of two independent groups with parametric data. In qualitative data, inferential analyses for independent variables were done using Chi square test for differences between proportions. The level of significance was taken at P value < 0.05 is significant, otherwise is non-significant.
Results
Demographic Data
The demographic and clinical characteristics (mean ± standard deviation) of the studied groups are reported in Table 1 . Acute stroke with pressure sores seems to be significantly older in relation to acute stroke without PU (P =< 0.001). On the contrary, the chronic stroke cases without PU are older (P =< 0.001). No difference as regard gender distribution between the four groups (P = 0.614). Braden scale is significantly lower in acute stroke with bed sore in comparison to other groups (P < 0.001). Table 2 shows that there is difference between acute stroke with bed sore patients and acute stroke without bed sore as regard albumin (P =< 0.001), Albumin/ protein ratio (Alb/Pr) ratio (P =< 0.001), TIBC (P =< 0.001) and cholesterol (P = 0.005). All are lower in the acute stroke with bed sore patients ( Figure 1 and Figure 2 ). There is difference between chronic stroke with bed sore patients and chronic without bed sore patients regarding albumin (P =< 0.001) only where albumin is lower in those with bed sores.
Nutritional Markers
Results revealed difference between acute stroke with bed sore and chronic stroke with bed sore concerning albumin (P =< 0.001), TIBC (P =< 0.001) and triglycerides (TG) (p =< 0.001). Albumin is lower while TG and TIBC are higher in those with acute stroke with bed sores (Figure 3) .
Results showed no difference between acute stroke without bed sore and chronic stroke without bed sore except for TIBC (P =< 0.001) as regard nutritional markers measured.
Hemoglobin (HB) and magnesium (MG) was not different statistically between groups although lower in first group. Table 3 shows that there is difference between acute stroke with bed sore patients and acute stroke without bed sore as regard neutrophil and ferritin. Both are higher significantly in the first group (P =< 0.001) (Figure 4 and Figure 5 ).
Inflammatory Markers
There is no difference between chronic stroke with bed sore patients and chronic without bed sore patients regarding inflammatory markers Results revealed difference between acute stroke with bed sore and chronic stroke with bed sore concerning total leucocyte count (TLC), neutrophil, neut/lymph ratio and ferritin. All are higher significantly in the first group (P =< 0.001).
Results showed difference between acute stroke without bed sore and chronic stroke without bed sore as regard neutrophil and neut/lymph ratio (P =< 0.001).
Hemoglobin (HB) and magnesium (MG) was not different statistically between groups although lower in first group.
Discussion
Pressure ulcers, though an ancient medical problem (found in autopsies on Egyptian mummies), still afflicts patients even up to the present day. The presence of a wound may increase metabolic demands due to the metabolic response to injury. In addition, large quantities of protein can be lost in wound exudates each day [17] . One of the most important risk factors for bed sores is malnutrition. Although malnutrition is common in medical, [18] , geriatric, [19] and stroke [20] , patients, its treatment has received little attention. Because undernutrition may influence clinical outcomes, it is important to assess nutritional status and treat under nutrition particularly during acute stage of stroke. This is the first study to our knowledge comparing acute and chronic stroke as regard simple inflammatory and nutritional markers and relationship to bedsore emergence.
The current study compared acute stoke with bed sores and acute stroke without bed sore. As regard inflammatory markers, it is found that both neutrophil and ferritin are higher significantly in the acute stroke with bed sore patients versus acute stroke without bed sore (p =< 0.001). Regarding nutritional markers, there is difference as regard albumin (P =< 0.001), Alb/Pr ratio (P =< 0.001), TIBC (P =< 0.001) and cholesterol (P = 0.005). All are lower in the acute stroke with bed sore patients. Hb and MG are not different between group 1 and 2. The differences here are mostly due to/caused by bed sores as both groups are acute stroke. Less evident changes was found between group 3 & 4 (chronic stroke groups). We compared chronic stroke with bed sore patients and chronic without bed sore patients. No difference was found regarding inflammatory markers. For nutritional markers, Results revealed There is difference regarding albumin (P =< 0.001) where albumin is lower in those with bed sores which support our hypothesis that inflammatory markers are caused by acute stroke rather than bed sores. Albumin has a big share, not only as a nutritional marker, but also as an inflammatory marker in both cases of bed sores (acute and chronic strokes).
Idowu et al., 2011 evaluate the associated risk factors for pressure ulceration in traumatic spinal cord injured [21] . There was significant association between low serum albumin at the time of admission and the incidence of pressure sores (P = 0.037).
The association between the incidence of pressure sore and low serum proteins indicate that dysmetabolism may be contributory to the aetiology of pressure ulceration. However, some evidence suggests that this may be an effect rather than the cause of the ulcer. There is no doubt that ulcer healing and immunity against wound infections is greatly dependent on the nutritional status of the individual patient. Furthermore, serum albumin has been reported as a cost-effective measure of nutritional status. That this relatively simple and affordable test is underutilized has also been highlighted by previous studies among in-hospital patients [22] . The utilization of prognostic indicators such as serum albumin in early detection of adverse outcome may reduce the incidence of complications.
Hong et al., 2008 found that acute ischemic stroke Patients with medical complications (including sores) had older age, lower baseline hemoglobin and albumin levels, and higher baseline glucose and white blood cell counts which agrees with our results [23] .
Gurcay et al., 2009 evaluated serum markers in traumatic spinal cord injured (SCI) patients, with and without pressure sores. Similar to our study, the patients with pressure sores showed anemia with reduced TIBC, and increased ferritin. They also had increased WBC and reduced lymphocytes, total protein and albumin. Statistically significant correlations were found between Hb, Htc, lymphocytes, WBC, and serum protein levels, and grade of pressure sores [24] .
Likewise, Scivoletto et al., studied Spinal cord injury patients with pressure sores before and after surgical intervention for ulcer healing and compared with matched SCI patients without sores and with patients with pressure sores and other diseases. Mean pressure sore duration 3.7 months. They found that compared to the control group, the patients with pressure sores showed anaemia with reduced serum iron, increased ferritin and reduced transferrin and transferrin saturation. They also had increased ESR and CRP, total hypoproteinemia, hypoalbuminemia, and reduced albumin/globulin ratio [12] .
The advantages of transferrin over albumin levels in detecting undernutrition was demonstrated in this study in acute cases apparently than chronic cases in differentiating presence of bed sore or not. Moreover, whereas other studies have used anthropometric parameters, such as caliper skin fold measures at multiple body sites, for nutritional assessment, we did not use these parameters, as they have been shown to be unsuitable for stroke patients with tetraparesis or spasticity as a sequelae of stroke, especially in assessing acute nutritional change as stated by Lipkin and his colleagues, 1993 [15] .
To reveal if duration of stroke affect inflammatory and nutritional markers in association to bed sore, we compared group 1 & 3 (acute stoke with bed sores and chronic stoke with bed sores). regarding inflammatory markers, We discovered that TLC, neutrophil, neut/lymph ratio and ferritin are higher significantly in the acute stroke with bed sore patients versus chronic stoke with bed sores (p =< 0.001). when we compared acute stroke without bed sore and chronic stroke without bed sore , there is difference as regard neutrophil and neut/lymph ratio (P =< 0.001). These differences can only points to acute stroke as a culprit for this difference. This was evidenced by Chakraborty et al., 2013 . They found ferritin were consistently higher among patients with acute ischemic stroke and concluded that ferritin and low levels of albumin are associated with increased severity and poorer long term prognosis of stroke [25] .
Concerning total leucocyte count, Grau et al., 1994 showed that leukocytosis influence prognosis after stroke [26] . It has been suggested that leukocyte activation may occur as a consequence of infection preceding onset of stroke (Reith et al., 1996) , [27] or as a consequence brain damage (Hallenbeck, 1996) [28] . A similar finding in two Egyptian study found that hyperglycemia and leukocytosis were considered as bad prognostic factors for both short-term and long-term ischemic stroke outcome (Hashem et al., 2004) [29] . Likewise Mostafa et al., 2015 studied patients with first attack of noncardioembolic ischemic stroke and divided into two groups: 40 patients with favorable outcome were included in the first group and 20 patients with bad outcome in the second group [30] . TLC was higher in bad outcome group. Nardi et al. 2012 found that an elevated leukocyte count in the acute phase of cerebral ischemia is a significant independent predictor of poor initial-stroke severity, poor clinical outcome after 72 h, and discharge disability [31] .
Despite that, it is clear that the process of inflammation is an important component in the pathogenesis of ischemic stroke. The differences in results between studies could be attributed to different factors. The differences in the study design (some of these studies followed the case control design whereas others were crosssectional comparative studies), the differences in sample sizes, and the different ways of assessment of ischemic stroke severity and outcome may be responsible for these contradictory results. There is a need for more studies to evaluate the use of the inflammatory markers as predictors of outcome in different types of ischemic stroke.
As per nutritional markers, Results revealed difference between acute stroke with bed sore and chronic stroke with bed sore concerning albumin (P =< 0.001), TIBC (P =< 0.001) and TG (P =< 0.001). Albumin is lower while TG, TIBC are higher in those with acute stroke with bed sores. As regard those without bed sores, Results showed acute stroke without bed sore and chronic stroke without bed sore only differ as regard TIBC and TG both are higher in acute stroke (P =< 0.001).
As stated before, Chakraborty et al., 2013concluded that ferritin and low levels of albumin are associated with increased severity and poorer long term prognosis of stroke [25] . Yuan et al., 2015 found that TG is higher in ischemic stroke patients in relation to healthy control [32] . We did not find a study searched TIBC in acute stoke but The HUNT study found that being in the highest quartile of transferrin saturation is risky for Mortality from ischemic heart disease (Mørkedal et al., 2011) [33] .
The current study has several limitations. First, it was conducted in a single tertiary hospital, thus limiting generalization of our results to other communities or countries where dietary patterns are likely different. Second, it was difficult to recruit acute stroke developing bedsore within two weeks. The low incidence of poststroke bedsore may have resulted in small sample size.
Conclusion
In conclusion, this study shows that acute stroke patients with bed sores are the highest group as regard inflammatory markers due to acute stroke and bed sores together. The presence of bed sore itself causes or is caused by decrease in nutritional markers especially albumin in both, acute and chronic strokes. Other markers are more evident in acute stroke patients who develop bed sore like higher ferritin and neutrophils and lower TIBC, alb/prot ratio and cholesterol. TG differs only as regard presence of acute stroke but not bed sore. MG was not different between the four groups. Undernutrition independently predicts bed sore emergence in stroke patients. Strategic nutritional support, particularly in patients with acute stroke, may improve clinical outcomes after stroke.
